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1 Introduction 



The purpose of this document Is the specification of a standardized vendor 
and platform independent interface between the radio part (RF) and Sie 
baseband (BB) part of a Bluetooth (BT) system. 

Important aspects of the Bluetooth system are described In co-oendlna uk 

«fi^hor^E^"'^"°" "TS^'' The contents of these documente 

are hereby >ncorporated by reference. In particular, those parts relatino to the 
implementation of the Bluetooth Low Power Radio Frequency Systerl? 

The benefit of a standardized interface is the interoperability of different RP 
tuL^L""''^ " K "^^^ P*"-^°""t partlcufa^^^ beneficial 

phone Chipset" ^'"^ '"'^''"'"^ ^'S'^' ^^^^^"^ ^ ^ ^'^P^er or 



2 Interface Signals 



The transfer of data and control information between the BB part and the RF nart of a 
BT system is achieved using 2 three-wire interfaces (RFBus and Dbus) and an 
additional control signal SleepX. ^ ®" 

The DBus is used to exchange general control data. The RFBus is used to transfer 
LTs"oTernn?d';faWs^*^- ^"^"^ ^ 




VIO supplies the voltage which the interfaces (RFBus, DBus SleepX) will use to 
define the logic levels In this way. the interface can be mn at a rTngl^f vStaaes to 
su. the particular appl.caton. At least a range of 1.8V-k-10% neertrbfs^ppo^rteV?or 

^^nirJl?Jre%^^^^^ ^^^^^^ *° — ^-^-t the system Is 
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SleepX is a control signal from the BB part to the RF part. If SIeepX-=LOW, the RF 
part is in low power mode. Additionally, the internal control logic is forced into the 
"Control Mode" (see below) and thus performs a similar functionality as a usual reset 
signal. There is no activity permitted on the RFBus and the DBus If SleepX~LOW 
and the BBCIk Is switched off. 
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2.1.1 RFBUS 



The serial RFBus consists of 3 lines, that is BBCik. RFBusI and RFBus2 
The BBCIk Is a 13 MHz clock generated In the RF part. It is used for synchronizing 
the data transferred via the RFBus. If appficable. it also might be used for clockina 
the logic of the baseband part. ^ 
Dependent on the mode of the RFBus, dffferem functionality and direction of the 
signals RFBusI and RFBusZ are specified. 





II 














1 


Control 
Mode 


<CLKON> 


0 


BB -> RF 


BB -> RF 


2 


Transmit 
Mode 


<TXDATA> 


<PAON> 


BB -> RF 


BB->RF 


3 


Receive 
Mode 


<RXDATA> 


<DCTRACK> 


RF -> BB 


BB -> RF 



The mode of the RFBus is controlled by the BB part. The state transitions are 
controlled via the OBus. 

The CONTROL MODE is a neutral mode that is entered if neither RX nor TX mode 
applies. It IS entered using the DBus or when SleepX==LOW. Thus SleepX can be 
considered as a reset signal as well. However, configuration registers in the RF part 
should not be reset using SleepX. They are pnagrammed to their default States usinq 
the DBus. In Control mode, the signals RFBusI and RFBusZ are driven by the BB 
part. In CONTROL IVIODE the 13 MHz clock (BBCLK) can be switched on by 
assigning RFBUS1==HIGH even if SleepX==LOW. Thus the clock Is ainnina if 
(SleepX==HIGH or (Mode=="Control Mode" and RFBUSI ==HIGH)). 

In TRANSMIT MODE the direction of RFBusI and RFBus2 is from BB part to the RF 
part. RFBusI is used to supply the digital transmit data <TXDATA> from the BB part 
to the RF part. Logic levels are used. The pulse shaping is done completely in the RF 
part and shall not depend on the value of VIO. Synchonization logic in the RF part 
shall ensure an exact symbol period of 1fis even if the data transferred on 
RFBue1=<TXDATA> exhibits substantial Jitter. The line RFBus2 is used to control the 
timing of powenng up the PA output stage of the RF part with 
RFBus2=<PAON>=HIQH. 

In RECEIVE MODE the direction of RFBusi Is from RF part to the BB part and the 
direction of RFBus2 is from the BB part to the RF part. RFBusI is used to supply 
sliced receive data at an oversampling ratio of 13 from the RF part to the BB part 
while using BBCIk for synchronization. This Is shown in the figure below 
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JJS l^^n^ 1-^ ^^I^ATA^* are provided as sliced data to the BB part. This imDlles 
that the DC estimat.on functionality (carrier offset compensation) resides in thl^P 
part. By means of the signal RFBus2 the BB part can ?on?o the DC eftlr^^JinTnta 2 
tTtZT^ thi?K """""^ ;DCTRack>=low a method for fast acqu^itton^f a DC 
estimate shall be used (reception of stan of a packet). During <DCTRACI<>=HIGH 

Slower DC estimators may be used for reception of tl^e remaining packS " 



2.1.2 Serial lO Data Bus (DBus) 



The serial iO Data Bus (DBus) Is a basic Clock, Data and Enable serial interface Th^ 



The DBUS IS not dedicated purely to the interface between the RF carl and th^ rr n»rf 
tn the event that the BB functionality is integrated into another host rystem the DRSr' 
may also be used to communicate with other devices with a maximuTlf 32 Si^hiVI 
Tlierefore the complete 8 address bits plus one R/W bh have^o be vended bSre 
latching data to pemi t bus sharing with devices that ar« ..^^^ ZT oefcre 
Blue<=>o* RF part. In this event t^eZL^Z len^r:^^ry """"" 

The DBusEnX line should ba used to block the DBusDa and DBusClk Una artiv*, =t 

lines due to other devices using the same DBus. «*c«viiy on these 

The DBus shall be operational at DBus clock speeds of up to 20 MHz Mote that th«= 
DBus clock IS sufficient to clock the interface in the RF part The 1 3 MH^ rfnrk il t 
used in the implementation of the DBus Interface and it is not nSriffJ^-M '® 
timing relations between the 13MHz clocS SbJs do^^^ '° ^"^"'^^ 



Interface Signals^ 15 January 1999 ' — 

Received D7-Dec-99 16:11 From-+49234 9843830 To-THE PATENT OFFICE Pa-e H' 



Interface 



r 



2.1,2.1 DBusProtonnI 



_Page7ofa 



^?4^'^J?e'M?^^^^^^^^ (e.g. the BTBB part) 

the DBus. The Cfevice of jfe BT rTS addreSid on 

2 nn?;"? .f ^^••^^s or fixed TflheBT R^S^n h^^ programmable (using 

5 (101). Fo/lowing the 3 device arfriUc 3 ^^e^ address the address is 

followed by 5 regteter eddr^fj^ * "^^'^ " ^ "e^'^/Wnte bit whIcS ^^,00 



The preferred address allocation is; 



Register Address Range 
"07 



8-11 
12-31 



freTerrea Usage 



control of optional lOOmW PA (Internal or external) 
Reserved for iuli}Te extensions 



^Sil„1S5it^,'?*2; c'S^ 'i-r ^ ^ Enable «na 

dean clock gating. At the fiSt risS^ol^A^ ^1° P°="«^= -^ock edae to^jow 
cocted into the RF part ^l^lTSm^^^a^S^^ °' "^'^^^ mV 

protocol IS described below TTie Rii .I^oJ^ o c P"'se- This read and write 



2. 1,2.2 DbuB Wnt^ Ar-^^^stot he BTRF part 



Ju':e%"SSj^f,t^^^ ^-ta at the felling edge of each c.ocK 

address bits. Following thelast dSa h? tJi ^'tf ^''^'^ tlr^ingas the 

the arrival of the final date b^Th? do^k*,^^^^^^^ ''^ ^^'^H Whi?h fnS^tes 

held at '0- for a minimum of one cvcl befe ^"'^^^ P'^'se and7s Sn 

therefore held HIGH for a mrr?muTof ^:o ^5e?" ^'^^ ^naWe if 



OOuoD«r 



--nmjTJinjinj^ iiMJinrninnninnn 

r ~ p 
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DBus Write Access 
ngur. 2 Writ. Access On Dbus (example mh 
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2. 1,2.3 RQQd Access from the BTRF part 

During a read access the addressed device generates data on the DBus to be read by 
the controlling device. This time, following the 8 address bits there Is a turn around brt 
which lasts for half a clock cycle and has the effect of realigning the DBus timing such 
that now the addressed device will load bits onto the DBus upon the rising edge of the 
DBusCik. The bits are therefore read upon falling edges. Following the last address bit 
the DBusClk Is again disabled for at least one clock cycle before the next access. 

As with the write access, the data word length for the read access is not fixed. The 
preferred value Is 16 data bits. The controlling side of the interface determines the 
number of data bits by the use of the enable line. Thus, the data word length must be 
fixed for a certain address. 



DBusEnX 



niiRJinjiriJum rmjifinmimiJiuuuL 

-€E0 



-EBEfpEEEBBiS^ 



Tum^A/sund 



DBus Read Access 
Ffgure 3 Read Access on Dbus (example with 16 bits of data) 



1 



2. 1.2 A DBus usage 



A(l configuration data is send via the DBus as well as control words to switch between 
operational modes. 

If data need to be read from the RF part (e.g. for RSSI measurements, etc.) the data 
is read digitally via the DBus rather than adding specific analog signals to the 
Interface. 



During power down {SleepX=LOW) the DBus shall not be used to ensure very low 
current consumption from VIO. 



3 List of Acronyms and Abbreviations 



BB Base Band 

Rf^ Radio Frequency 

Receive 

"f^ Transmit 
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1 . The Current Situation 

For control and data exchange between the baseband- and the RF-chip of e g a eel 
lular phone, usua l y many signals for a control- and a data-Interface are reqli&d The 
needed amount of pins for both interfaces prevents to decrease the size of the chics as 
Sg'pl^s' '^^ consumption may also be affecttf due to many^^^^^^ 

Srff ^■?^ low-cost, small-size and low-power Bluetooth system a RF-baseband 
interface with many lines Is disadvantageous. ua9auaiiu 

2. The new Solution 

The proposed solution consists of only 7 Interface lines. That is a 3-wlre control inter- 
face, interacting with a 3-wire data interface together with a single Slee^-^Se control 

basiEjdga is to combine the generally usable control interfaSe^Sm the 
dedicated and exactly t.med data interface in a way that the later can be used for multi- 
ple purposes during different states of the system. 
The features of these interfaces are sketched below. 

Table 1 : Summary of the Interface Signals 



1 


DBusDa 


bidirectional 




2 


DBusClk 


BB -> RF 


Control Interface: data 
Control Interface: clock 


3 


DBusEnX 


BB -> RF 


Control Interface: enable 


4 


RFBusi 


bidirectional 


DsLta Interface: line 1 


5 
6 


RFBus2 
BBCLK 


BB -> RF 
RF -> BB 


Data Interface: line 2 


7 


SleepX 


BB RF 


Data Interface: clock (e.g. 13 MHz) 
£jieep-Mode control & reset 



Mntro? block^' interface the baseband chip is able to write / read the 

' JiSe ^dd^Sses^lel nt^^ '° ^ ''^'''''^^ distinguishing them by individual de- 
' urement^ete''''''' *° °^ ^ possible operating modes like RX. TX. RSSF meas- 

• Set the parameters of the control block like the synthesizer frequency 

e Control test features for device test and for alignment procedures 

- Read measured information like the signal strength at the input (RSSI) 

InZ Yn^^hi ?;;^i"^°r'"^^;°" cntical. it is usuaHy related to whole RXHX-slots 
?hMc fh^' 1 f.y"*^'^^'^^'' frequency is programmed at some Time before the slot sSrts 
Thus the real-fme requirement is not as tight as that of the data-interface describid 
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• ieTb^te ^^wf (f f ^il'ffirS n'^"?*" 

Chip as described later regulators and the default mode of the RF- 



^LJsCJk 



DbusEnX 



RFBusi 
B-^ — 



&^ 



BBCLK 
— 



DBusDa 
Eh^ 



Conirol Interface 



;o' = enforce ConirorMode 
ModG 



SleepX 

^ '1'- Q«ttV0, ^ I 



Decode 
Control 
Mode 



-T-l> 



\ 

\ 

\ 



<CUOn> 



& 



OR 



<TxDBlfi> 



<PAOn> 



<RxDAla> 
< 



TX-Path 



-<DcTracics 



RX-Pa!h 



Tx-Dara 
PAOn 



RX-Dala 



Register Set 



1 »on 
0 = BtonoDy 



Power-Supply 
Regulator 



1 « on 

0 - off 



Reference 
Oscillator 



ReferencG Clock 13,0 MHz 



to PLLs etc. 



Figure 1: Structure of the Proposed RF-BB-lnterfaco 
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SnlS^ne'S"^ '^"^ """^'"^ «^-ch.p. Their number may ex. 

1 . Control Mode 

2. Transmit Mode (TX) 

3. Receive Mode (RX) 



2.1 System Startup 

By using SleepX not only for controlling the Sleen-State h..t 

set for a few essential blicks. a dedicated resit nfn i^n Jolw^ w^! asynchronous re- 
as general reset e.g. for the ^nfiau/Son rPoltlSL ''.f avoided. It cannot be used 
SleepX = -O- f= eleer^-stet^f 5?^^.?.™ '^egisters since it Is repetitively activated If 

Mode". In thil mXeSfel^XSZ'^^^^^^^^^ 

BB-AS.C forces SleepX to •O'l^'l^T^^^^^^ ^^^^^ 

^rrlS^Sron-: Hot;^!^ef Su^gthllX^^^^^^^ TJ"^^- - 

be assured that the oscillator and the mafn reaulSof " "^"^t 

BB-ASIC. This Is acxorriplfehed by ut-^L SfS^ Sr L th- !f °" ^ ^^PP'V 

Mode- RFBUS1 ^ "l. the crystal o^Hlator a ^^""^ purpose: If during "Control- 
ASIC .ust only assure thiS^inh^rst^te'lf'^^l ^iSr^^^^nS^^^^^ ^ ^'^^ 

TeSsX^r ^^^^^^ f B.ASIC and this pin can be 

Sleepx = -O-J the BB-ASIC however rust assuJ^irt^^^^^ ^^PP'^'^S 

fore. The details of this circuit can be found?n T^Sjs^^ "^^^"^^ P'" ^ '0' b^- 

rt-l^^r-loJ^o^Lt^^^^^^^ i^.^'^g- Within the Rx and TX path. The 

after each sleep-cycie. After EooSno thf 7h ^"'""^ '* '""^^ '^^ded again 



Teble 2 shows huwttie operating mode influences th, function of 



the data-interface 




The Control Mode 

'nvention Report on a RF-BB-lnterface 
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.h^K'toT' "^^"^^ baseband chip 

2.3 The Transmit Mode 

tlonal signal name now is "PAON" Qenerator of the baseband chip. The func- 

2.4 The Receive Mode 

Here the RF-chIp will place the suZd ^nd and swttches to Rx-mode. 

3. The Control-Bus Protocol 

type o, p^co, ,=C I. as lon?i',^lTeed 4 WghVnouX '° 
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figure 1 illustiares RFBusl output tinung parameters; 

Rgure 2 Ulusorares Write Access on Dbus; 

figure 3 illustrates Read Access on Dbus; 

figure 4 illustrates the RF side of the RF.BB interface; 

Figure 5 iUustraies the BB side of the RF-BB interface; 

Figure 6 illusiratee how the Dbus may control devices inaddition ro the LPRF RF chip; 
Figure 7 is a schematic illustration of a LPRF transceiver iUustrating the ftmctionaUty of 
RFBus; 

Figure 8a illustrates how RFBus is configured and how the RF chip responds in the 
control mode; 

Hguic 8b illustrates how RFBus is configured and how the RF chip responds in the 
transmit mode; 

Figure 8c illustrates how RFBus is configured and how the RF chip responds in the 
receive mode; 

Rgure 9 is a flow chait illustrating the coatiol mode. 

The Dbus (DbusDa. DbusEnX and DbusCDc) is used to control the LPRF RF chip and 
other devices as illustrated >n Figure 6. The Dbus writes data to and reads data from 
registers in the UPRF RF chip. The registers writen to may include a register which 
controls the frequency at which the RF chip transmits or receives and may a register 
which controls the power at which the RF chip transmits and register which identily 
wgether the RF chip is in the control, hansmit or jreceive mode. The registers read frum 
may include a register containing RSSI information. Thus the Dbus may control the 
operation of the LPRF RF chip, for example, controlling the transition from receiving to 
transmitting. However, the Dbus is not efficient at controlling time critical tasks in the RF 
chip which need to be cairied out immediately. 

The Burst Mode ControUer provides to a serial control interface data, address 
information, information identifying wheiiier a Write Or read operation is required and a 
tngger signal provided by a timing control unit controls the timing of the opeiation The 
serial control interface converts the supplied signal to a Dbus signal. The mic^controUer 
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may also provide data to the RF chip via the serial control interface. This is advantageous 
on boot-up. TbB microcontroUer controls whether the serial control interface takes data 
from the microcontroller or the buret mode controUer. 

The burst mode eontroUer as conirols the contents of RFBus. RFBns 1 is a bidirectional. 
In the transmit mode the RFBus I provides data to the RF chip for transmission. In the 
receive mode RFBus 2 receives data from the RF chip. 

RFBus 2 is used to control time critical tasks in the RF chip. It is fast at transmitting 
control signals from the BB engine to the RF chip. In the transmit mode. RFBus2 is 
used to control the timing of the Power AmpUfier. In the receive mode RFBus 2 is used 
to control die timing of the DC estimator cganging from a fast data acquisition mode to a 
slower data acquisition mode. 

The RFBus is used for different purposes during different states, as illustrated in Fignrcs 
8a. 8b, and 8c. How RFBus controls the transceiver of die RF chip is illustrated in Figure 

Tbe operation of a LPRF device is described in detail in UK Patent AppUcation No 
9820859.8 . the contents of which are hereby incorporated by refemce. In particular 
Rgure 3 shows LPRF RF components of a transceiver (Tx. fcc and Frequency control), 
connected to baseband components (the remaining elements in the Figure). 

The present invention includes any novel faeature or combination of features disclosed 
herein either explicitly or impUcidy or any generalisation thereof. 

In view Of me foregoing descriptian it will be evident to a person skilled in the art that 
various modifications may be made to the foregoing description without departing from 

the scope of the inventton. 
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Claims 



1 . A device having an interface for controlling an RF iransceiver, die intMface having: 
a plurality of connectors for providing control information for changing the mode of 
operation of the transceiver, said modes including a transmit mode and a receive mode; 
at least first and second connectors wherein in a first mode, one of said first and second 
connectors supplies data to the transceiver and the other is operable to provide a first 
control signid to the transceiver and wherein, in the second mode, one of said first and 
second connectors receives data from said RF module and the other is operable to provide 
a second different control signal to the transceiver. 

2. A device as claimed in clim I wherein the first and second control signals are time 
critical control signals. 

3. A dveice as claimed in any preceding claim wherein time critical control signals are 
not provodcd via said plurality of connectors. 

4. A device as claimed in any preceding claim wherein the first mode is a transmit mode 
for the transceiver. 

5. A device as claimed in any preceding claim wherein the second mode is a receive 
mode of the transceiver. 

6. A device as claimed in any preceding claim having a third connector (SlccpX) for 
powering down con^onents of the transceiver. 

7. A device as claimed in any preceding claim wherein the fir^t connector is bi- 
directional and supplies data in the first mode and receives data in the second mode. 

8. A device as claimed in any preceding claim wherein the Grst contral signal controls 
the power amplifier of the transmitter portion of the transceiver. 
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9. A device as claimed in any preceding claim wherein the second control signal 
controls dc estimation of the data received by the receiving portion of the transceiver. 

10. A device as claimed in any preceding claim v/hercin the pluraUty of connectors 
includes a connector for transferring data to and from the device, a connector for 
Foviding. an enable signal from die device and a connector for providing a clock 

signal from the device. 

1 1. A device as claimed in any preceding claim fiirther comprising a connector for 
receicing a clock signal from Ihe transceiver. 

X2. A device as claimed In any preceding claim wherein the plurality of connectors are 
used o read from and vwite to registers in the transceiver 



IS a 



13. A device as claimed in any preceding claim wherein the plurality of connectois : 
serial interface having at least one connector via v^hich data is transmitted m setiaUy. 
siad data including a device addrtess. a bit indicating whether data is for writing or ' 
has been read, a local address and a variable data portion, 

14. A device as claimed in claim 13 wherein the data portion may have a length varying 
between 1 and 32 bits. 



15, A device as claimed in any preceding claim wherein the plurality of connectors are 
coupled to at least one other device, 

16. Transceiver circuitry having an interface for connection to a device having baseband 
circuitry, the interface having; 

a plurality of connectors for providing control information for changing the mode of 
operation of the transceiver, said modes including a transmit mode and a receive mode; 
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at least first and second connectors wherein in a first mode, data is received at one of said 
first and second connectors and a first control signal is receivable at the other and 
wherein, in the second mode, data is provided at one of said first and second connectors 
for transfer to the device and a second different control signal is receivable at the other, 

17 A method of interfacing a device having a baseband ensure to a transceiver, the device 

having means for controlling whether the transceiver is in a transmitting mode or a 

receiving mode and firat and second connectors, comprising the steps of: 

controlling the transceiver to enter the transmitting mode; 

providing data firom the device to the transceiver via the first connector, and 

controlling the power amplifier in the transceiver via the second connector 

ISA method of interfacing a device having a baseband engine to a trajosceiver, fhc device 
having means for controlling whether the transceiver is in a transmitting mode or a 
receiving mode and firat and second connectors, comprising the steps of: 
controlling the transceiver to enter die receiving mode; 

receiving data at the device fi-om the transceiver via the first connector; and 
controlling the dc estimation in the transceiver via the second coimector. 

19- An interface having connectors including a first connector for controlling time 
criticad functions , said time cricical function being dependent upon whether another 
connector receives or provides data. 
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